Abstract: Cerebrovascular insult (CVI) is a known and important risk factor for the development of diabetic ketoacidosis (DKA); still, it seems that the prevalence of DKA among the patients suffering CVI and its influence on stroke outcome might be underestimated. Diabetic ketoacidosis itself has been reported to be a risk factor for the occurrence of stroke in children and youth. A cerebral hypoperfusion in untreated DKA may lead to cerebral injury, arterial ischemic stroke, cerebral venous thrombosis, and hemorrhagic stroke. All these were noted following DKA episodes in children. At least some of these mechanisms may be operative in adults and complicate the course and outcome of CVI. There is a considerable overlap of symptoms, signs, and laboratory findings in the two conditions, making their interpretation difficult, particularly in the elderly and less communicative patients. Serum pH and bicarbonate, blood gases, and anion gap levels should be routinely measured in all type 1 and type 2 diabetics, regardless of symptomatology, for the early detection of existing or pending ketoacidosis. The capacity for rehydration in patients with stroke is limited, and the treatment of the cerebrovascular disease requires intensive use of osmotic and loop diuretics. Fluid repletion may be difficult, and the precise management algorithms are required. Intravenous insulin is the backbone of treatment, although its effect may be diminished due to delayed fluid replenishment. Therefore, the clinical course of diabetic ketoacidosis in patients with CVI may be prolonged and complicated.
Introduction
Cerebrovascular incidents (CVI) are significant and well-known risk factors for the development of diabetic ketoacidosis (DKA); still, the literature data on the precise treatment guidelines for diabetic ketoacidosis occurring concomitantly with a stroke are scarce or completely lacking. The prevalence of stroke as a risk factor for DKA ranges from 0% in some studies 1 to as much as 7%. 2 In the study by Mbugua et al, CVI was identified as a risk factor for diabetic ketoacidosis in none of the 648 hospitalized diabetic patients aged 12-77 years. 1 Forty eight of these patients had DKA (the mean age was 37±18.2 years for males; 29.9±14.3 for females). Obviously, the diagnostic routines differ in the countries where the studies have been conducted. In the underdeveloped and developing countries, the diagnosis is often based on the obvious clinical symptomatology, rather than the more expensive (and often delayed) laboratory and imaging procedures. In these conditions, diagnosis and therapy focus on solving the main problem (like cardiovascular, cerebrovascular, surgical), while the minor or secondary disorders are often put aside. In our previous clinical practice during the 1980s and the 1990s, for example, we encountered a striking number of nondiagnosed 
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Jovanovic et al DKA patients who were admitted to the Surgical Clinic at the Clinical-Hospital Centre (Pristina, Yugoslavia) for acute abdominal pain and appendectomized before the true diagnosis was determined by the means of laboratory results.
Considering data from a recent study in the USA, most patients with DKA (80%) are between 18-65 years, while only 18% are under the age of 18.
3 Serum pH, bicarbonate, anion gap and blood gas concentrations are not readily determined in all patients with type 2 diabetes in the neurological wards, although it is well-known that the stress-induced ketoacidosis may appear in this type of diabetes. Moreover, the clinical characteristics of ketoacidosis may overlap with the stroke-related clinical features. It appears that the prevalence of DKA in patients with stroke and the importance of stroke as the precipitant factor for the occurrence of diabetic ketoacidosis may be underestimated.
Pathophysiological considerations
Stress hormone actions during the cerebrovascular incidents may precipitate DKA, but the reverse is also true. 4, 5 Diabetic ketoacidosis itself represents a risk factor for stroke, especially in children and adolescents. There is a substantial risk of acute ischemic or hemorrhagic stroke during an acute episode of DKA.
Systemic inflammation, vascular disorders, increased coagulopathy, and risk of hemorrhage are usually present in DKA. Various types of stroke -ischemic, cerebral venous thrombosis, and hemorrhagic stroke -were observed in children with DKA. 5 Hyperglycemia and acidosis may contribute to oxidative stress and lead to tissue ischemia. 6 The risk of thrombosis during DKA is elevated due to the disorder of coagulation, platelet activation, reduction of total volume, and velocity of blood flow. 7 During the initial DKA treatment, when cerebral perfusion is restored, the ischemic-reperfusion lesions might occur. 8, 9 Coagulation disorders during DKA and their treatment have been found not only in children but also in adults. 10 In addition, pathological serum levels of protein C, protein S, homocysteine, and von Willebrand factor were noticed. 4, 9 All these mechanisms influencing cerebral circulation may be operative in a senior population with CVI. Endothelial lesions, platelet activation, relative hypofibrinolysis, and the activation of the coagulation system were all registered in adult patients with DKA, 10 even in the absence of clinical signs of thrombosis.
Clinical features
There is considerable overlap of symptoms, signs, and laboratory findings in stroke and DKA 11 (Table 1) . It can be assumed that interference of symptoms in the two conditions during the clinical examination may be confusing and their interpretation difficult, particularly in the elderly and less communicative patients. Serum pH, bicarbonate, and blood gas levels should be determined at admission in all diabetic patients suffering stroke (including those with previously diagnosed type 2 diabetes) for the timely diagnosis of overt (eg, pH ,7.25; serum pH ,15 mmol/L) or mild/compensated diabetic ketoacidosis (pH, 7.25-7.35; serum bicarbonate 15-22 mmol/L with depressed pCO 2 levels). Respiratory depression may interfere and further complicate the distinction between the respiratory and metabolic causes of acidosis; the measurement of the anion gap may be helpful on these occasions. Due to stroke-induced stress, the blood glucose level is high in the majority of diabetic patients. In addition, as indicated earlier, the serum pH, bicarbonate, and anion gap are not determined routinely in all diabetic patients with a stroke. A significant number of cases of ketoacidosis in patients with cerebrovascular stroke might go unnoticed.
In addition, there is a striking absence of literature data on the management of adult DKA patients with stroke. There are serious limitations to the volume resuscitation rate to avoid rapid volume expansion and overload the cardiovascular system; the parallel and intensive use of osmotic solutions (eg, mannitol) and loop diuretics (furosemide, torsemide, and bumetanide) may deepen the existing dehydration level and aggravate ketoacidosis itself.
On the other hand, it seems that bumetanide, an inhibitor of Na-K-2Cl cotransport, may also have some positive effects in type 1 DKA patients with cerebral edema; 12 it improves cerebral metabolic indices during untreated DKA and amelioration of the metabolic declines during the initial DKA treatment. The task of future studies is to prove whether the use of bumetanide in place of furosemide would have a positive impact on an outcome of CVI complicated by DKA.
The insulin therapy itself in diabetic ketoacidosis will have little effect if it is not accompanied by an adequate and intensive rehydration. Here, in addition to constraints to rapid rehydration, the existing dehydration may be aggravated by the use of therapeutic agents for the treatment of stroke, which may further complicate the status of the patient.
Concomitant use of rehydration and other osmotic diuretics is applied in practice, but clear therapeutic guidelines and algorithms are lacking (for example, the optimal rehydration rate, the appropriate doses and application rates of osmotic and other diuretics, and the options for monitoring the volume load including the measurement of central venous pressure). 
General treatment guidelines
Some of the general treatment guidelines can be defined here: 1. It is extremely important that patients with stroke complicated by diabetic ketoacidosis avoid dehydration because DKA, dehydration, and stroke all correlate with the prothrombotic state and may lead to intravascular thromboembolism. Excessive use of osmotic diureticsespecially in the period before the diagnosis of DKA is confirmed -can aggravate the prothrombotic state. Since the use of osmotic and loop diuretics is inevitable in patients with stroke, a careful hydration is recommended to avoid these complications. 2. Fluid resuscitation must be conducted carefully and in small aliquots, with continuous monitoring of blood pressure, hematocrit, and plasma sodium. Minimally invasive procedures should have advantages over the placement of central venous catheters because the insertion of the catheter itself may be a risk factor for cerebrovascular thromboembolism. 13 3. Infused insulin is a major therapeutic tool for DKA management in patients with CVI. Since fluid resuscitation must be limited, it is wise to expect that diabetic ketoacidosis could have a prolonged clinical course, which again bears a substantial risk for the development of new strokes and complications. 4. Potassium levels should be monitored carefully for all cardiovascular patients with DKA. Hyper-or hypokalemia should be corrected immediately, and insulin-induced changes in intracellular potassium levels should be taken into account when assessing serum potassium levels. 5. Bicarbonate therapy is not recommended except in the cases of extreme, life-threatening ketoacidosis. 
Conclusion
Even though CVI is widely recognized as an important risk factor for diabetic ketoacidosis, the data on the prevalence of DKA among CVI patients and its influence on the stroke outcome are scarce. Diabetic ketoacidosis itself was reported to be a risk factor for the occurrence of stroke in children and youth. Arterial ischemic stroke, cerebral venous thrombosis, and hemorrhagic stroke were noted following DKA episodes in children. It is clear that lesions of the endothelium, platelet activation, relative hypofibrinolysis, and activation of the coagulation system are present in adults with DKA, and these mechanisms may influence the outcome of adult diabetics suffering CVI.
There is considerable overlap of symptoms, signs, and laboratory findings in stroke and DKA. Therefore, the measurement of serum pH, bicarbonate, blood gases, and anion gap on admission or as soon as possible should be a routine in all diabetic patients suffering stroke, especially because respiratory depression may hinder the interpretation of the results. In DKA patients suffering CVI, it is important to prevent dehydration, because both DKA and stroke correlate with prothrombotic state and a tendency toward the development of intravascular thromboembolism. Unfortunately, the capacity for rehydration in patients with stroke is often limited, and treatment of the disease requires intensive use of osmotic diuretics and loop diuretics. Fluid repletion may be extremely difficult, and the precise management algorithms are required.
Intravenous insulin and the monitoring and correction of electrolyte imbalance are the backbone of treatment, although the effect of insulin may be diminished due to delayed fluid replenishment. Therefore, the clinical course of diabetic ketoacidosis may be prolonged.
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